Uncontrolled urban development of Pimpri Chinchwad area was assessed to understand shifting of urban growth center and its controlling factors during last forty years. Out of forty, initial 20 years span (1973 to 1993) is compared to subsequent 20 years (1993 to 2013). The secondary data i.e. topographic maps (year 1970 and 2009) and satellite image MSS, LISS III (year 1973 and 1993) and LISS IV image (year 2013) were used for preparation of land use land cover maps. Furthermore, Shannon entropy computed by built-up land class, was showing the entropy 0.81, 0.92 and 0.97 for year 1973, 1993 and 2013 respectively, hence the steady growth during past forty years. However, growth centers of urban development shifts from automobile industries at Pimpri (central part) to information technology (IT) industries towards Hinjewadi (western part) area. This shift was determined from the demographic alteration in study area. To understand demographic alteration, the spatial results were verified through ground truth survey reveals population growth is in the form of vertical growth such as increase in multi storey buildings instead of single storey housing. This study highlights the shifting of urban growth centers in developing countries such as India from automobile to IT industries. The shifting of growth center was resulted into impact on existing public services (drinking water, sanitation, waste management, roads, hospitals etc.). In conclusion, present study warrants the attentions towards shifting of urban growth center from such rapidly growing industrial city of the developing countries while deciding future urban planning.
Introduction
Urbanization is a continuous growth process (Spence et al., 2009; Shabu, 2010) in rapidly developing urban areas, when it further grows leads to suburbanization (Champion, 2001 ) and subsequently influence shifting of urban growth center (Zhou, 1997; Hermelin, 2007) . This shift can be monitoring by change in population density, jobs, services and trade at the edge of urban land (Zhou, 1997) . The urban land is characterized by population size/density, lifestyle and occupation with which people involved (Bryant, 2003; Tsai, 2005; Weeks, 2010) . However, urban center is a business activity area (Cortright, 2015; Dobbs & Remes, 2012; Kotharkar et al., 2014) specifically area around post office or market area.
The spatial distribution of population is common around city center but random at sub-urban areas (Lie & Zhang, 2009; Champion, 2001) . The random spatial growth of built up land (generally the housing units) refers to urban sprawl (Glaeser & Kahn, 2004; Sudhira et al., 2004; Glaeser et al., 2005) . The sprawl and suburbanization are alternatively used terms in urban growth studies (Nechyba & Walsh, 2004; Frenkel & Ashkenazi, 2008) . In suburbanization process population increases towards periphery region which further forms decentralization and later reversed called counter-urbanization (Zhou, 1997; Grigorescu et al., 2012) . Suburbanization leading to shifting of urban growth centers is common in developing countries like Brazil, South Africa, South East Asia and in India (Brockerhoff, 1999; Tran et al., 2008; Guest & Brown, 2005) .
There is hardly availability of any scientific data regarding assessment of shifting of urban growth centers, therefore a preliminary attempt has been made to assess the urban growth centers from Pimpri-Chincwad industrialized city in India, a representative of developing countries.
This study had focused spatio-temporal shifting pattern of urban growth centers with respect to their possible reasons of initiation. The possible reasons hypothesized to be shifting of employment centers, infrastructures and increase in soft skill education in developing countries. To verify, quantify and confirm the reasons of urban growth shifting following objectives were assigned, 1) use of Shannon Entropy to assess the spreading behavior of urban area by spatio-temporal manner, 2) to know the spatiotemporal demographic alteration of study area, 3) to verify geospatial results with appropriate ground truth verification for accuracy assessment, 4) to identify the reasons behind shifting of urban growth centers in study area, and 5) to suggest BMP's (Best Management Practice's) for development of such urban growth shifted area at its early stages.
Study Area
Pimpri Chinchwad is a rapidly developing city of Maharashtra state, India, known for large number industries (more than 4086 large, medium and small scale industries (CDP, 2006; ESR, 2012 ESR, -2013 . The study area shown in Figure 1 lies is Pune district with total area of 176 sq·km and 105 administrative wards (Annex-I). Geographically it is located at 18˚37'07.04'' in N and 73˚48'13.43'' E of western margin of the Deccan Plateau towards leeward side of the Sahyadri hill ranges (western ghat). The average height from the mean sea level is about 560 m. The major natural drainage are formed by river Pavana flowing through centre, river Indrayani in North and river Mula at south of study area.
Population wise study area ranked 18 th in India (1.7 million) with an average growth rate of 104.39% for last five decades (CDP, 2006; Census, 2011; ESR, 2013 ESR, -2014 . The urbanization and sub-urbanization processes are parallel and high density of population towards sub-urban parts (specially in last two decade) highlight rapid development of study area. 
Materials and Method
Topological data (year 1970 and updated 2009) of 1:50000 scale showing land-use pattern were procured from Survey of India (SOI), Pune. The scanned raster data was georeferenced and digitized to convert it into usable form i.e. vector format (Ramchandran, 2000; Lee, 2014) . Thematic (base) layers such as administrative boundaries, water bodies, residential and industrial areas were prepared using Arc-GIS 9.3. Satellite images LISS III (1973 III ( & 1993 and LISS IV (2013) used for land use land cover study had been acquired from USGS & NRSA Hyderabad. The geometric and radiometric corrections, image enhancement, rectification and re-sampling done prior to classification of satellite images. It helps to reduce the errors caused from different data acquiring periods, source of agencies, and spectral resolutions (Kumar, 2003) . These images were processed further to supervised classification with maximum likelihood algorithm method in ERDAS imagine 9.2 (Anderson et al., 1976; Lubis & Nakagoshi, 2011) . The information extracted was the built up land, agricultural land, waste land, vegetation and water bodies.
The urban expansion assessment done by clipping thematic layers of toposheets data on to the classified satellite image in Arc-GIS 9.3 (Aguda & Adegboyega, 2013; Dey & Greeshma, 2014) . The statistical information obtained in the form of attribute data was further used in quantifying built-up land and urban sprawl (Sudhira et al., 2004; Shekhar, 2004; Bhatta, 2010) .
The non-spatial, i.e., secondary data (ward wise population data) had been used to ascertain changing population density at the periphery region. The spatial changes in built-up land were estimated through field survey and secondary data.
The Shannon's urban entropy measures the degree of spatial concentration and dispersal of built-up land between different time periods (Batty, 1974; Yeh & Li, 2001; Shekhar, 2004; Alabi, 2009; Mohammady & Delavar, 2015) . The entropy was calculated first from the built-up land of individual ward and then sum total of 105 wards. For the measure of relative entropy (ΔE t ) a time scale (t) of two decade had been considered. The entropy values range between 0 and 1 where, the maximum value 1 represents distribution of built up land across the space and the minimum value 0 is concentration of built-up land in one area.
Entropy E t and relative entropy ΔE t Pedro et al., 2013) were calculated using following equations where, E t is the entropy of study area, Dj density of land growth, m is the total number of zones/wards of study area, and PDj calculated from density of land of specific zone (ward) divided by total density of land growth. ΔE t is the difference between two time periods it is a useful indicator to assess the magnitude of change of urban sprawl .
Ground truth analysis: Ground truth survey of approximately 10 percent of study area were made to understand population shift, increasing number of settlements and distribution of population density. Hence, horizontal growth i.e. spreading of built up land in parallel directions with single or two storey housing units and vertical growth i.e. multi-storey buildings (floors-three and above) were marked from center to boundary of study area. Also new commercial establishments along the roads and periphery region had marked as new growth points.
Results and Discussion
Measuring Entropy to assess spreading behavior of study area:
The entropy is estimated using the sum total of entropy of 105 administrative wards calculated from built up land of individual ward in respective decade, shown in Table 1 .
Year 1973 (Yeh & Li, 2001 ). The entropy result was showing a steady growth and continuous spreading of built up land in past forty years. Also, the change in population (98572 in 1971 to 1727692 in 2011), population density and increasing built-up land can be witnessed to urban growth of study area.
The temporal changes and degree of dispersal of land development i.e. urban sprawl is evaluated by change in entropy (ΔE t ) value. Results in Table 2 showed change in entropy value i.e. dispersal of land of development signify urban sprawl. A ribbon strip and leap frog type behavior of sprawl (Barnes et al., 2002) was observed in study area.
Demographic Alteration and Spatio-Temporal Changes
In past forty years population had increased 20.6 times, whereas built-up land grows about 25.83 percent. The industries present along old highway and railway line were Table 3 , it represents urban growth pattern both in direction and magnitude of built up land (Sankhala & Singh, 2014) . A decreasing percentage of waste land, agriculture land, minute change in water bodies and increase of built-up land and vegetation were observed in LULC.
A simultaneous growth of population and built up land can be seen in and infrastructural amenities (connectivity/accessibility) were attracting large population (internal and external) from urban to sub-urban localities (CDP, 2006 (CDP, -2012 ESR, 2013 ESR, -2014 it becomes major cause of shift for migrating population.
Ground Truth Survey
Total 11.76% area was surveyed from Pimpri-Chinchwad (assumed center). The housing units and shops (ground (G), G + 1, G + 2 and/or G + 3 floor) around two major industries were going away from the assumed center. Where the patches of slum near railway line and bus stands showed high population densities. The housing pattern of G or G + 1 except few multi-storey buildings at central part was indicating leap frog type of sprawl. A transition phase of urban center shifting noticed at south western part (Thergaon and Wakad villages) where the agriculture land was totally disappeared and transformed into built up land. The built up (residential) type of G + 5 to G + 9/10/11 in these areas is showing increases of population density and public service demands. This may ultimately causes formation of new urban center.
The urban areas marked by rivers and highway forming administrative boundary at wakad, nigdi and moshi as sub-urban part showed maximum population growth in past two decades. Increasing demand of housing in last few years is another reason for large settlements in these areas. In addition, market facility, shops and services have accelerates the rate of urban center shifting at PCMC.
Factors causing urban center shift: The population density from earliest center was observed to be shifting around periphery due to new industrial development (Zhao & Wang, 2015) . These newly formed industrial zones towards the north of study area namely Talavade, Chakan and Talegaon (Figure 1 The increasing population densities at northern and southwestern part of study area have reached to its peak and establish itself as the new urban form and therefore, the new urban centers.
BMP for new urban growth centers: Use of population projection studies in long term planning can help to manage the needs of growing urban areas. The growing urban areas should consider a land development and urban environmental planning well in advance. The major environmental issues can get priority which includes water supply, solid waste management, waste water treatment, storm water drainages, public transport and roads etc. (Johnson, 2001; Wilson & Chakraborty, 2013) . The demands of new urban center shift presumed to be increases hence the geographical expansion and the limits of economical and political boundaries should be taken in consideration for such developing urban areas.
Conclusion
The rapid infrastructure growth can be viewed through residential growth, large road network and public services (water supply, sewage and waste disposal, slum, health and education), it boosts the population growth through migration from outside. Use of GIS, Remote sensing and Shannon entropy techniques are the suitable method of urban sprawl measurement. The leapfrog and ribbon strip type of urban sprawl can be ascertain from the residential growth at village centers, industrial areas, along roads, highways and railway line. Besides that increase of built up land and simultaneous decrease in agriculture land and waste land are witnessing urban growth.
The temporal changes observed from satellite image analysis can be useful in planning and decision making process of such rapidly growing city. The uncontrolled urban growth should be restricted through proper planning and management or else it impacts on natural environment (air, water, soil, noise pollution). Temporal changes of built-up land and population density change at the periphery regions proves shifting of urban center at study area.
